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ABSTRACT 
A dynamic visual acuity measurement apparatus was designed, 
and tested for reliability. The apparatus was designed to take advantage 
of today's computer technology, utilizing the Apple II+ computer and 
menu driven software, allowing a person with minimal user's experience 
to reliably measure dynamic visual acuity. Full instructions are des-
cribed in a thorough step-by-step manner, making the operation of the 
program practical for the average practitioner. The reliability testing 
results showed that this dynamic visual acuity measurement apparatus can 
be useful for testing dynamic visual acuity. The computer generated 
graphics system provides a method of measurement that keeps many stimulus 
variables constant, while providing a standard of measurement that is 
virtually free of operator bias. It requires a minimum of time to use 
and is maintenance free. 
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PURPOSE 
Since much of human interaction with the environment involves 
observation of moving targets, it seems reasonable that dynamic visual 
acuity skills be considered when a patient presents himself for a vision 
analysis. Consequently, the purpose of the project was the design, con-
struction, and testing of an apparatus to measure dynamic visual acuity 
which could be used by practicing optometrists. 
The .criteria for the design of the computer generated graphics 
system are as follows: 
1. To develop a system that .6.:ta.ndaJuii.ze6 the method of measuring 
dynamic visual acuity, in an accurate and reliable manner. 
2. To use a high technology computer framework that makes measuring 
dynamic visual acuity a practical addition to the optometric exam 
sequence. 
3. To decrease stimulus variables and eliminate operator bias. 
4. Ease of operation. 
5. Maintenance-free operation. 
Many methods of measuring dynamic visual acuity presently exist, 
however, the test results are not comparable between various measurement 
methods. It is our premise that a computer format was the logical choice 
for achieving our goals due to the ever-increasing use of computers in a 
standard optometric practice. 
- 2 -
REVIEW OF LITERATURE 
Vision plays the largest role of any of our senses in everyday 
activities. Our performance in these tasks is directly related to how 
we perceive and interpret the inflow of material from the task presented. 
Most of these tasks are presented in a dynamic manner rather than in a 
static manner. 
Dynamic Visual Acuity (DVA), is a visual skill that is rarely 
clinically measured, and understood by most even less. DVA can be defined 
as the ability to resolve detail .when there exists relative movement bet-
ween the. observer and the test object. 1 ' 11 This resolution is dependent 
on the sharpness of the retinal focus, the sensitivity of the nervous 
elements, and the interpretative faculty of the brain. 11 
Many things must be considered when evaluating the measurement 
of DVA. There are the stimulus parameters of: 
1. Target luminence 
2. Angular target velocity 
3. Time of target exposure 
4. Contrast of target 
The human attributes which must be considered are: 
1. Retinal resolving power 
2. Peripheral awareness 
3. Oculomotor skills 
1 4. Psychological ability to interpret what is presented. 
It has been found in the comparison of Static Visual Acuity (SVA), 
with DVA that SVA improves with increasing room illumination levels up to 
approximately 100 fc, with little improvement, if any, at levels above that. 
DVA improved with increased illumination levels up to and probably exceed-
ing 125 fc. 1 •2 •9 This consideration is significant when it is noted that 
SVA measurements are taken at illumination levels of 12-15 fc. 
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The early research of DVA was mainly concerned with exposure 
time and luminence of the target. It was determined that there is an 
inverse relationship between exposure time and target luminence when 
exposure time was short, but with longer exposures, time became less 
influential in the determination of acuity. 1 • 2•9 As an interesting aside, 
it was shown that exposure time showed higher significance than target 
2 
velocity on resultant DVA. 
Contrast levels were measured and evaluated in the determination 
of DVA. Four levels of positive contrast (23, 30, 51 and 70% with angular 
velocities of 0, 20, 30, 40, 50, 60, 80 and 90 degrees/second) were inves-
. d 2 t1gate • Contrast was defined as (Bt-Bb/Bt+Bb) x 100, where Bt equaled 
target luminence and Bb equaled background luminence. 2 This investigation 
showed that contrast levels were significant (p < .001), with 70% contrast 
yielding the lowest threshold values and 23% contrast yielding the highest 
value for acuity threshold. 2 
The critical difference between DVA and SVA is the measurement 
of angular velocity. This velocity measurement is where DVA stands apart 
from SVA in accurately determining our true acuity in everyday situations, 
since most of these situations are dynamic in origin. It has been deter-
mined that the critical speed for accurate perception of a target lies 
between 60 and 120 degrees/second, yet most of our activities are at levels 
of approximately 90-100 degrees/second. 1 •5 •8 A good example to illustrate 
the relative speeds is to consider that an automobile moving at a constant 
30 mps, directly 30 ft. perpendicular to an observer, results in an angular 
velocity of 84 degrees/second. 1 Athletes often encounter angular velocities 
1 
of 120 degrees/second or greater. 
Target angular velocity cannot be discussed without bringing the 
aspect of saccadic movements and smooth pursuit movements into play. It 
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was shown by Westheimer that the maximum velocity at which a moving 
stimulus could be accurately followed by the eyes was approximately 
1 30 degrees/second. The initial response of the eyes to a moving target 
is a saccadic movement (with its latency period) followed by a constant 
velocity tracking movement. When tracking above 30 degrees/second, an 
interplay of the two movements exists. Since our daily activities 
involve relative velocities of 80-100 degrees/second, it is significant 
1 5 to investigate the latency periods of the saccadic movements. ' 
Saccadic latency is defined as the duration between target 
. d h f h . 1 d 10 presentat~on an t e occurence o t e part~cu ar sacca e. In general, 
saccadic movements have a latency of approximately 200 msec., and a 
maximum angular velocity of 400 degrees/sec.10 It was determined that 
saccadic latencies decreased significantly as target angular velocity 
. d 1,2,4,5,6,7,8,9 
~ncrease . Robinson found that for target speeds of 5, 10, 
15 and 20 degrees/second, saccades occurred at 282, 237, 221 and 224 msec., 
respectively following target presentation. 2 
Once the eyes are brought to the proper position by the saccade, 
the smooth pursuit movements come into play. Pursuit velocities were 
found to increase as target angular velocity increased; although the mean 
pursuit velocities were consistently slower than the target velocity. 2 
Thus, in order to keep the target "foveated", it is necessary to track a 
target efficiently and effectively with a combination of saccadic and 
pursuit movements. 
Some other human variables must also be considered. All 
studies done comparing males' DVA and . females' DVA found consistently 
1 2 3 4 5 7 8 
that males had lower threshold values. ' ' ' ' ' ' It has been postu-
lated that the apparent male superiority is caused by differential 
motivation, physiological and/or physiognomic differences. 1 With concern 
7 to age, Burg found that in his study of 17,500 individuals that there 
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existed a substantial decline in both SVA and DVA as a function of 
7 
age. 
A generalized conclusion has been drawn from many authors 
that factors other than SVA are involved in predicting DVA for an indiv-
"d 1 1,2,4,5,7,8 
1 ua . It is believed by many to involve the integration of 
the entire oculomotor system, psychological abilities to perceive what 
is seen, attention span, and practice. 2 
There exists much controversy over the relationship between 
SVA and DVA. SVA is solely determined by retinal resolution, whereas 
DVA is dependent upon both the sensory and motor components of the visual 
response, and on the extremely complex feedback systems which link them. 1 •7 
Some authors stated that there is no positive correlation between SVA and 
DVA due to these differences. Burg and Hulberts' first study of this 
relationship reflected the conclusion of Ludvigh and Miller, in stating 
that there was a very low correlation between SVA and DVA at low veloc-
. . d d d h 1 1 . . d 2 • 4 ltles, an ecrease as t e angu ar ve oc1ty 1ncrease . Burg later 
did a study with 17,500 subjects and determined that there was a corre-
lation at all velocities between SVA and DVA. 7 He also believed that 
despite the size of the correlations, non-acuity factors play an impor-
tant role in the determination of DVA, and it cannot be predicted by SVA 
alone. Although there is still controversy as to whether SVA and DVA 
are correlated, there is still general agreement to the fact that SVA 
is primarily related to the resolving powers of the eye, whereas DVA is 
1 2 7 
related to the effectiveness of the entire oculomotor system. ' ' 
It is evident from the body of literature that the relation-
ship between SVA and DVA is not yet firmly established; many incongruities 
exist. It is apparent to these authors that DVA is an especially impor-
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taut visual skill that must be evaluated for every individual. SVA, 
however correlated, is not truly indicative of a person's performance 
in a dynamic environment such as ours. 
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INSTRUMENT DEVELOPMENT 
The computer program used to measure DVA was designed by the 
investigators and contracted to Daniel Ford, a freelance computer con-
sultant, for the actual programming. The program was designed for use 
with the Apple II+ computer due to the ease of accessibility of the 
machine at Pacific University College of Optometry. The program was 
responsible for the generation of various characters, and controlling 
the rate at which these characters moved. 
Early in the development stage, it was discovered that designing 
computer software from "scratch" tomove a character across the monitor 
screen was not as easily done as the researchers were led to believe. 
Many trial programs were developed over a nine month period before a 
design was found to meet our specifications. The constraints of main-
taining a high level of resolution (readability) on the monitor screen 
while simultaneouslyproviding travel speeds adequate to be suprathreshold 
proved to be a major stumbling block in the completion of the software. 
Initial progranmdng used a method of producing a figure and 
moving it, called scrolling. This process can be explained as follows: 
The computer forms a letter, then as the name implies, scrolls the letter 
from the top of the screen to the bottom of the screen, then starts again 
at the top. The letter is actually displayed on the monitor screen only 
as the scroll passes the center horizontal area of the screen. Then, by 
moving the scroll a given horizontal increment and repeating the process, 
the letter is produced at a position different than the original along 
the center horizontal line. A second scroll that "erases" the original 
display will cause the letter to appear as moving. By repeating this 
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quickly, the letter appears to be moving across the screen in a hori-
zontal fashion. By varying the magnitude of the horizontal increment, 
the letter will perceptually appear to be travelling at different speeds 
across the screen. The larger the jump from the original display to the 
new position, the faster the apparent motion. Attempts at using this 
method to provide a moving character produced a high resolution charac-
ter that moved slowly across the screen. Any attempt at increasing the 
scrolling speed caused the letter to "strobe". That is to say, that the 
letter illuminated unevenly as it moved across the screen. This strobing 
effect was accentuated at the higher speeds and degraded the letters' 
readability beyond acceptable levels. Other programming approaches were 
tried, but each ended essentially with the same outcome. 
A new approach was needed to overcome the obstacles encountered. 
Fortunately, the computer system being used had the capability of high 
resolution graphics, and this was used to accomplish the task. However, 
there were more problems ahead. The inverse relationship between velocity 
of travel and resolution made it difficult, i.e., as the speed increased, 
resolution decreased, and vice versa. A new program was designed to 
maintain a speed that was suprathreshold while retaining higher resolution. 
This program was written to incorporate the high resolution graphic 
system inherent to the Apple II+. This computer possesses two "pages" 
of high resolution storage. The program makes use of both pages simul-
taneously. The character is formed and placed on the first page, then 
displayed on the monitor screen. The computer then takes the information 
contained on the first page and stores it on the second page, while sim-
ultaneously clearing the first page. The character information, once on 
the second page, is again displayed on the monitor. This process is 
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repeated, but now from the second page back to the first page. Like 
the scrolling routine, the increment of movement between the original 
and following display provides for the apparent motion of the character 
across the screen, but there is a limit to this system. If the distance 
becomes excessively large, the apparent motion is lost and the observer 
will perceive two separately displayed characters. Unlike the scrolling 
routine, this method is not as susceptible to the strobing effect. The 
end result is a character that has high resolution properties even at 
high velocities of travel. (Appendix A). 
The program, as tested, contained only a horizontal moving 
character. It was originally designed to provide vertically moving 
characters, diagonally moving characters, and circular patterns in add-
ition to the horizontally moving characters. However, due to the problems 
encountered in the development of the horizontal motion, it became econ-
omically infeasible at the present time for further program development. 
One incorporated feature is the ability to select manually the character 
to be displayed, or having the computer present the characters in a random 
sequence. The characters available for testing are: P, R, 0, C, H, Land 
E. 
The letter speed presented at each speed level is established 
by the computer. Each trial starts at the fastest speed. The computer 
will present the letter at a constant speed unless specific controls are 
activated that will cause the speed to drop by a predefined increment. 
The computer will remain at this level until instructed to reduce speed 
by the user. The step-down increments for speed control are predetermined 
and are not changeable by the user. 
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The program was designed to be "user-friendly" . It is menu 
driven, meaning the computer clearly displays its functions, explains the 
options, and the appropriate keys needed to be used, and the sequence to 
operate the program. The software is designed specifically for the 
Apple II+ and compatible machines. A complete description of its oper-
ation can be found in Appendix B. 
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SUBJECTS 
The sample group was drawn from the population pool of Pacific 
University College of Optometry students. Selection was made by means 
of a sign-up sheet posted on student bulletin boards. 
METHODS 
Testing was carried out at two locations, with the selection 
of test order being random, thereby minimizing operator bias. The 
testing device operators were unaware of the results from the other 
test device. 
Prior to the actual testing, the subjects were seated directly 
in front of the test screen, and read the instructions for the particular 
test. (Appendices C, D and E). After being given the instructions, any 
questions were answered. The room lights were then turned off and time 
given for the subject to dark adapt. The Keystone Rotator System (KRS) 
test sequence began with the letter C as the test target, rotating at the 
maximum rate. This was then slowed until the correct response was obtained. 
The speed was then returned to the maximum level and the test target 
changed to the letter L. Again the rotation was slowed until the letter 
was correctly identified. This completed the test sequence for the KRS. 
The Computer Generated Graphics System (CGGS) presented the 
moving letters in a set sequence of order. The testing sequence began 
with the fastest speed the computer could generate. Each speed level 
consisted of two trials, a demonstration letter preceded the presentation 
of the actual test letter. Following the presentation of the test letter, 
the subjects were asked to identify the character seen. The test was 
completed when both test letters at a given speed were correctly identified. 
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RESULTS AND DISCUSSION 
Many physiological and mechanical variables have been found 
to influence an individual's dynamic visual acuity. Among these are 
age, sex, static visual acuity, illumination, contrast, and exposure 
time. 
The subjects who participated in this experiment varied in age 
from 21 to 37 years of age, with a mean age of 26 years. The research 
of A. Burg has shown that age can influence the expected DVA. However, 
this research also shows that DVA is relatively constant throughout the 
age range encountered during this experiment. The subject's sex also 
has been found to influence DVA. However, the composition of subjects 
in this experiment was predominantly male, with the female component of 
subjects providing too s.mall a sample base to draw any conclusions for 
the actual difference in DVA performance. Static visual acuity and its 
influence is a variable and is still under debate. Opinions vary con-
cerning the correlation between SVA and DVA. All subjects in this experi-
ment met a minimum visual acuity requirement of 20/40 Snellen at 20 feet. 
Only two subjects were tested and found to have static Snellen acuity 
other than 20/20 or better. The sample size of subjects possessing 
visual acuities other than 20/20 was too small to draw any conclusions as 
to the actual influence SVA has on DVA. However, if one examines the 
group of participants with 20/20 static visual acuity and the corresponding 
dynamic visual acuity, there appears to be no direct correlation between 
the two. 
Mechanical variables, other than the actual velocity influencing 
DVA, were examined for their effects on the value. The total time that an 
object is presented for identification, its exposure time, have been found 
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to influence the results of DVA tests. Research has shown that the 
longer the exposure time, the better the DVA value for an individual. 
The test parameters used in this experiment involved the use of two 
separate devices for the measurement of DVA. The first, the Keystone 
Rotational System (KRS), is the standard method of measuring DVA at 
Pacific University College of Optometry. This system uses a standard 
acuity projector aimed at an offset mirror that rotates. This movement 
provides for an image to move in .a circular motion on an open screen 
positioned between the mirror and the subject. The target projected on 
the screen was a single letter that makes use of a constant exposure, 
while the actual speed is decreased. This variable differs from the 
CGGS, where exposure time was varied in conjunction with the speed of 
the test object. The actual exposure time varied as an inverse function 
of speed due to a constant travel distance. Thus, the greater the velocity 
of the letter travel across the screen, the shorter the actual exposure 
time. Conversely, the slower the velocity of the letter, the longer the 
exposure time. 
Another point of difference between the KRS and the CGGS was the 
way that the moving test letter was illuminated. The KRS made use of a 
black letter surrounded by an illuminated block of white light on a non-
illuminated screen (positive contrast). Actual luminance values of the 
test letter C was 1.01 fc., and contrast values of 95.72%. Test letter 
L had a luminance of 1.07 fc, with a contrast value of 95.72% (using 
It-Ib/It-Ib x 100). The CGGS used a test target that was illuminated as 
a white letter with a non-illuminated background (negative contrast). 
Targets varied in luminence, caused primarily by the number of illumin-
ated pixels used in the construction of the letter. The values of 
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luminance for the letters were: P = 0.6825 fc; R = 0.8680 fc; C = 0.4875 fc; 
0 = 0. 234 fc; and H = 0. 858 fc. The background illumination for all test 
letters was held at a constant level of 0.0234 fc. Due to the variance 
in target luminance, contrast values also varied for each letter: 
P = 93.0%, R = 94.7%, 0 = 92.8%, C = 90.8%, E=, L= and H = 94.7%. 
The target letters used in this experiment were kept constant 
throughout the testing. The KRS made use of two letters, C and L. In 
reviewing the data for C and L, it was found that in the initial sequence 
the letter Chad a mean response value of 35.46 rpm, with a range of 16 
to 48 rpm. The L in the corresponding test sequence had a mean value of 
39.25 rip)11, with a range of 18 to 56 r;pJil. Analysis of these two test 
letters revealed a significant difference (P < 0.01) between the response 
speeds, but a moderately high positive correlation between the two test 
letters when analyzed as. a group. (All correlational studies were done 
using the Pearson Product moment correlation coefficient analysis). 
From the known coefficient of readability of 0.79 and 0.70 for C and L 
respectively, one would expect the C to be the more difficult of the two 
to read. This fact is supported by the difference in mean identification 
speeds. In the retest of the KRS, it was again seen that a difference 
in the mean speeds of the two targets existed. The C had a mean value 
of 44.86 rpm, with a range of 26 to 60 rpm. The L had a mean value of 
45.82 rpm, with a range of 26 to 62 rpm. The statistical analysis of 
the retest between the two letters showed no significant difference, and 
a correlation coefficient value of 0.785, a high positive correlation. 
The analysis of responses to the presented test letters used 
in the KRS system in reference to initial and retest values were com-
pared directly. Test presentation of the letter C was found to have a 
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significant difference between initial test and retest sequence when 
treated as a group (P < ~005). However, there was a positive corre-
lation between the individual test scores of the two groups of 0.491. 
Test letter L also had a significant difference between test sequences 
as a group (P < .005) and a moderately positive correlation between the 
individual socres of 0.586. (Figure 1). 
Li .. i 
D::: 
LJ_ 
D.').;.;. F:ESULTS 
Figure 1 
KRS: Distribution of Criteria Scores 
Letter analysis of the CGGS was more involved than that of the 
KRS due to the fact that at each trial the subject was asked to identify 
the letter perceived in the CGGS versus only responding once when a 
letter was identified, as was done in the KRS. 
The CGGS used a string of five test letters for identification. 
The sequence of the exposure for this string was kept constant through-
out this experiment. The letters used, in order of exposure, were: 
P, R, 0, C, and H. The letters E and L were not used due to problems 
in the software program. 
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In reviewing the responses to the actual test letter presentation 
at each speed, it was found that a wide variety of perceived characters 
were reported. At the first speed level, the first letter presented 
was P. During the initial testing series the greatest response to the 
test letter was that of no response, that is, no letter was perceived. 
The next response in order of magnitude was 0. That accounted for only 
7.35% of the total responses. Five other letters were identified as 
the test letter. However, these were only identified once and each 
accounted for 3.57% of the total responses. No one tested during this 
initial test sequence correctly identified the test letter as P. 
During the retest sequence, it was found that the greatest 
response was again that of no response. It was found at this point that 
17.86% of the responses. were correct in identifying the test letter. The 
letter R, the next largest group, accounted for 14.29% of total responses. 
Letters E, C, and F each accounted for 7.14% of the total, and the remain-
ing letters identified G, T, A, and L, were called only once and contri-
buted 3.57% each to the total. (See Figure 2). 
Figure 2 
Letter Analysis: Speed Level One 
Test Letter: P 
E 
Total Response: Initial test 28, Retest 28 
If: "No Response" 
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The second letter used as a test letter on speed level one was 
R. During initial testing, no response accounted for 28.56% of the total. 
Correct identification of the test letter R followed closely at 21.43%. 
Other responses given were: Eat 17.87%, and Fat 10.71% of the total. 
Letters P and K were each identified at the 7.14% level, with C and B 
being identified only once for 3.57%. During the retesting of test 
letterR, it was correctly identified 32.14% of the time, accounting 
for the majority of responses. No response was again a large proportion 
of the total contributing 21.43%. Letters E and F remained in close 
quarters, with their initial test responses at 14.29% and 10.71% 
respectively. The remaining letters, L with 7.14%, and B, G, and K 
accounted · for 3.57% of the total responses. (See Figure 3). 
·Figure 3 
Letter Analysis~ Speed Level One 
Test Letter: R 
F 
Total Responses: Initial test 28, Retest 28 
#: "No Response" 
The second speed level used test letters 0 and C. Again a wide 
variety of responses were obtained. During the test sequence, 0 was pre-
sented as the first letter, then followed by C. The initial test sequence 
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with the test letter 0 being used, the largest proportion of the responses 
were that of no response, at 28.57% of the total. 0 was correctly iden-
tified 14.29% of the time, making it the second largest percentage of the 
total. The response of E accounted for 10.17%; P, C, S, and L were each 
at 7.14% of the total. The remaining responses ofF, G, A, and J were 
all single responses and each accounted for 3.57% of the total. Retest 
of the letter 0 at the second speed had 0 correctly identified, and no 
response equal in responses at 20.83%. P and C were found to be 16.67%; 
Rand D were next with 8.33%, followed by single identifications of G 
and F comprising 4.17%. (See Figure 4). 
0 
p 
·Figure 4 
Letter Analysis: Speed Level Two 
Test Letter: 0 
R 
Total Responses: Initial test 28, Retest 24 
if: "No Response" 
The letter C was the second test target used on speed level 
two. Initial test responses showed that the correct identification of 
the target accounted for the largest percentage at 32.14% of the total. 
No response was 17.86%, followed by 0 with 14.29%, and R with 7.14%. 
All other identifications with single responses were 3.57% each. 
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Retesting with target C showed that the correct identification of C 
was the most frequent response with 45% of the total. No response and 0 
identification reversed in sequence, with 0 having 29.17% and no response 
with 12.50% of the total. The remaining responses R, D, and H were 
single letter identification at 4.17% of the total. (Figure 5). 
Figure 5 
Letter Analysis: Speed Level Two 
Test Letter: C 
c 
Total Response: Initial test 28, Retest 24 
if: "No Response" 
H 
The test letters used at speed level three were H and P. 
Correct identification of the letter H on its initial presentation was 
reported 25.93% of the time. No response was the second most frequent 
response, resulting in 18.52% of the total. The letters A and R were 
reported 11.11%, and letters C and D accounted for 7.41% of the total. 
The remaining letters T, M, N, S, and Peach accounted for 3.70% of 
total responses. Retesting with the letter H gave various responses. 
E was named 13.65%. Letters M, F, and Keach accounted for 9.09% of the 
total. The remaining responses S, B, C, U, R, N, A, 0, and no response 
each accounted for 4.55% of the total. (See Figure 6). 
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H 
F 
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Figure 6 
Letter Analysis: Speed Level Three 
Test Letter: H 
Total Response: Initial test 27, Retest 22 
f!: "No Response" 
The second test letter used at speed three was P. Initial 
testing resulted in correct identification of P 22.22% of the time. 
The response of F was second in frequency with 18.52% of total responses. 
No response was third in frequency with 14.81% and D accounted for 11.11% 
of the total. The remaining responses I, H, S, E, N, C, R, G, and B each 
accounted for 3. 70% of the total. Retesting with the letter P gave a 
smaller pool of responses. No response and C each accounted for 22.73% 
of the total. Correct identification of P accounted for only 18.18% 
of the total. A response of F occurred 13.64% of the time, and R was 
reported 9.09% of the time. The remaining responses of E, M, and J 
each accounted for 4.55% of total responses given. (See Figure 7). 
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p 
·Figure 7 
Letter Analysis: Speed Level Three 
Test Letter: P 
Total Responses: Initial test 27, Retest 22 
fJ: "No Response 11 
The test letters used at speed level four were Rand 0. 
Initial testing of the letter R showed that the correct response was 
given 40.74% of the time. F was given 25.93% of the time, while no 
response was the third most frequent with 11.11% of the total. 0 and S 
each contributed 7.14%, and E and Keach accounted for 3.70% of the 
total responses. Retesting showed that the frequency of the correct 
response increased to 59.09%. E and F were the second most frequent 
responses, each accounting for 13.64%. Letters H, P, and C rounded it 
out, each contributing 4.54% to the total. (See Figure 8). 
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F 
R 
Figure 8 
Letter Analysis: Speed Level Four 
Test Letter: R 
F 
Total Response: Initial test 27, Retest 22 
if: "No Response" 
Initial testing with the letter 0 showed that the correct 
response was given with a frequency of 11.11%. Letters P, R, and S, 
and no response were the second most frequent, each accounting for 7.41% 
of total responses. Letters K, N, D, L, G, C finished the responses, 
with each contributing 3.70%. Retesting showed that the frequency of the 
correct response increased to 40.91% of the total. Letters P and D 
were the next most frequent, each accounting for 13.64%, followed by S 
and no response at 9,09%, and T, H, and F contributing 4.54% each. (See 
Figure 9). 
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Figure 9 
Letter Analysis: Speed Level Four 
Test Letter: 0 
0 
Total Responses: Initial test 27, Retest 22 
It: ''No Response" 
The test letters used at speed level five were C and H. 
F 
Initial testing showed that correct response of the test letter was the 
most frequent at 47.06% of the total. 0 was second in response frequency 
at 23 . 53%. No response and the letter D each accounted for 11.76%, and 
M accounted for 5.88% of the total. Retesting showed that C again was 
the most frequent, with 41.18% of total responses, followed by 0 at 35.29%. 
Letters S and D accounted for 5.88% of the total responses. (See Figure 10). 
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c 
0 
Figure 10 
Letter Analysis: Speed Level Five 
Test Letter: C 
c 
Total Responses: Initial test 17, Retest 15 
IF: "No Response" 
s 
Initial testing of the letter H showed that the correct response 
was the most frequent at 58.8%. Responses E, R, L, G, 14, and A, and no 
response each accounted for 5.88% of the total responses. Retesting showed 
again that the correct response was the most frequent, with 53.33% of the 
total. Responses K, X, M) N, 14, A, and no response each accounted for 
6.67% of total responses. (See Figure 11). 
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H 
Figure 11 
Letter Analysis: Speed Level Five 
Test Letter: H 
H 
Total Responses: Initial test 17, Retest 15 
II: "No Response" 
A 
Speed six used test letters P and R. Initial testing of the 
letter P showed results ofF having the highest frequency, at 45.45%. 
The correct response of P was second highest in frequency at 18.18%. 
Letters E, L, K, and R each accounted for 9.09% of the total. Retesting 
showed that F and P had the highest response frequency, each with 36.36% 
of the total. C, R, and E each accounted for 9.09% of the total. (See 
Figure 12). 
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Figure 12 
Letter Analysis: Speed Level Six 
Test Letter: P 
c 
Total Responses: Initial test 11, Retest 11 
II: "No Response" 
The initial testing of the letter R resulted in the correct 
response of the test letter 45.45% of the time. Letter F was the next 
most frequent response with 27.27% of the total. Initial testing was 
rounded out with the letter E accounting for 18.18%, and the letter C 
accounting for 9.09% of the total. Retesting of the letter R resulted in 
the correct response being given 54.55% of the time. E was next with 
27.27%~ and F accounting for 18.18% of the total. (See Figure 13). 
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Figure 13 
Letter Analysis: Speed Level Six 
Test Letter: R 
R 
Total Response: Initial test 11, Retest 11 
If: "No Response" 
At speed level seven the test letters used were 0 and C. 
Initial testing of the letter 0 resulted in responses of D and no res-
ponse, each accounting for 27.27% of the total. P and 0 were the next 
most common at 18.18%. The final response, N, accounted for 9.09% of the 
total. Upon retesting, the number of responses dropped to three. D had 
the highest frequency at 57.14% of the total. 0 was the second most fre-
quent response at 28.57%. Also given A accounted for 14.29% of the total. 
(See Figure 14). 
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Figure 14 
Letter Analysis: Speed Level Seven 
Test Letter: 0 
D 
Total Responses: Initial test 11, Retest 7 
II: "No Response" 
) ' 
The initial testing of letter C resulted in the correct response 
being at the highest frequency, 54.55%. A, P, D, 0, and 14 each accounted 
for 9.09% of the total. Upon retesting, the response 0 had the highest 
frequency at 42.86%. K, D, C, and J each accounted for 14.29% of total 
responses. (See Figure 15). 
c 
D 
K 
H 
·Figure 15 
Letter Analysis: Speed Level Seven 
Test Letter: C 
0 
c 
Total Responses: Initial Test 11, Retest 7 
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Speed eight used test letters Hand P. Initial testing of the 
letter H resulted in correct identification of the test letter 60.0% of 
the time. Letters A and T each accounted for 10.0% of the total. Retest-
ing of th~s letter resulted in responses of H at 50.0% of the total, 
W, N, and no response each at 16.67% of the time. (See Figure 16). The 
second test letter was P. Responses were P with 50.0% of the total; 
C, R, E, and A each accounted for 10.0% of the total. Retesting of the 
letter P resulted in five responses, the most frequent being E at 33.33% 
of the total. The other four responses, P, 0. R. and F, each accounted 
for 16.67% of the total. (See Figure 17). 
H 
K 
Figure 16 
Letter Analysis: Speed Level Eight 
Test Letter: H 
H 
N 
Total Responses: Initial Test 10, Retest 6 
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c 
·' 
A 
Figure 17 
Letter Analysis: Speed Level Eight 
Test Letter: P 
F 
Total Responses: Initial test 10, Retest 6 
II: "No Response" 
Speed nine used test letters R and 0. Initial testing of the 
letter R resulted in responses of Rand F, each accounting for 28.57% of 
the total. E, 0, and W were the other responses given, each with 14.29% 
of the total. Retesting of the letter R showed an increase of the cor-
rect identification responses to the 50.0% level. Letters E, P, and F 
had equal response levels of 16.67% each. (See Figure 18). The initial 
testing of 0 had five different responses. 0 and D each contributed 
28.57% of the responses. P, N, and W were each at the 14.29% level. 
Upon retesting, the responses to this target dropped to three. Correct 
identification of the letter 0 was 50.0% of the total, followed by D at 
33.33% and A at 16.67%. (See Figure 19). 
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Figure 18 
Letter Analysis: Speed Level Nine 
Test Letter: R 
R 
p 
Total Responses: Initial test 7, Retest 6 
Figure 19 
Letter Analysis: Speed Level Nine 
Test Letter: 0 
0 
Total Responses: Initial Test 7, Retest 6 
- 32 -
The letters used at speed ten were C and H. Initial testing 
of the letter C resulted in four different responses. The correct response 
of C as well as the response 0 were given with equal frequency of 33.33%. 
The letters P and N were each given 16.67% of the time. During retesting, 
letter 0 accounted for 66.67% and letter C accounted for 40.0% of the 
total. (See Figure 20). 
The initial testing of the letter H resulted in two responses. 
The correct response H was given most frequently, 66.67% of the time. 
The second most frequent response was C, given 33.33% of the time. Upon 
retesting, the number of given responses expanded to four: H, Y, N, and C. 
Letter H was the most frequent at the 40.0% level, with letters Y, N, and 
C each at 20.0% of the total. (See Figure 21). 
p 
Figure 20 
Letter Analysis: Speed Level Ten 
Test Letter: C 
c 
Total Responses: Initial Test 6, Retest 5 
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0 
y 
H 
Figure 21 
Letter Analysis: Speed Level Ten 
Test Letter: H 
H 
Total Responses: Initial Test 6, Retest 5 
c 
At speed level eleven, the test letters used were P and R. The 
initial testing of the letter P resulted in three responses, C, E, and R, 
each with a frequency of 33.33%. When the subjects were retested, three 
entirely different responses were given; D, H, and P. The correct response 
of P was the most frequent at 50.0%, with letters D and H each accounting 
for 25.0% of the total. (See Figure 22). 
Presentation of the test letter R resulted in three responses; 
0, F, and R, each of which accounted for 33.33% of the total. Retesting 
of the letter R gave rise to three responses: R, F, and P. Correct res-
ponse of R represented 50.0% of the total, followed by letters F and P, 
each at 25.0% of the total. (See Figure 23). 
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0 
R 
Figure 22 
Letter Analysis: Speed Level Eleven 
Test Letter: P 
p 
Total Responses: Initial Test 3, Retest 4 
F F 
Figure 23 
Letter Analysis: Speed Level Eleven 
Test Letter: R 
R 
Total Responses: Initial Test 3, Retest 4 
H 
p 
The letters 0 and C were used for testing at speed level twelve. 
The initial testing of the letter 0 resulted in three responses; R, Y, and 
D. Each appeared with equal frequency, 33.33%. Retesting of the letter 0 
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resulted in three different responses; D, P , and 0. Each appeared with 
equal frequency of 33.33%. (See Figure 24). 
The second test letter used was C. Initial presentation of 
the letter resulted in three responses; P, D, and 0. Each response 
represented equal frequency of 33.33%. Retesting resulted in two res-
ponses, 0 and C, with the frequenc y of response being 66.67% and 33.33% 
respectively. (See Figure 25). 
R p 
Figure ·24 
Letter Analysis: Speed Level Twelve 
Test Letter: 0 
Total Responses: Initial test 3, Retest 3 
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0 
p 
0 
0 ( 
Figure 25 
Letter Analysis: Speed Level Twelve 
Test Letter: C 
Total Responses: Initial test 3, Retest 3 
) 
c 
Speed thirteen used letters H and P as test letters. With 
initial testing of letter H, it was correctly identified by all subjects. 
Retesting involved only one subject, who correctly identified the test 
letter as an H. Initial testing of letter P resulted in it being correctly 
identified 75.0% of the time, the other 25% giving F as the response. 
Retesting involved one subject who responded with the correct response. 
Speed fourteen used Rand 0 as the test letters. Only one sub-
ject was tested at this speed. When R was used as the test letter, the 
response was Z. When 0 was used, the response was 0. All subjects com-
pleted the test before speed fourteen. 
Speed fifteen used C and Has test letters. This speed also 
involved only one patient and no retest. When tested, this patient gave 
correct responses for both test letters. 
An overall review of the total responses to the test letters 
during the initial test and retest sequence showed an increase in correct 
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responses in the letters P, R, and 0. Letter C remained relatively 
consistent between initial testing and retesting, while H showed a 
decrease in the frequency of correct responses from initial testing to 
retesting. 
p 
F 
R 
·Figure 26 
Summary Analysis 
Test Letter: P 
F 
c 
l\~~4g 
\ :'--J J 
I I M 
'I ·' o / 
E 
R 
Total Responses: Initial test 81, Retest 73 
fl: "No Response" 
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p 
Figure 27 
Summary Analysis 
Test Letter: R 
Total Responses: Initial test 76, Retest 71 
II: "No Response" 
D 
0 
\ \ 
l~i 
Figure 28 
Summary Analysis 
Test Letter: 0 
Total Responses: Initial test 77, Retest 62 
#: "No Response" 
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A 
Figure 29 
Summary Analysis 
Test Letter: C 
0 
Total Responses: Initial test 66, Retest 54 
II: "No Response" 
Figure 30 
Sunnnary Analysis 
Test Letter: H 
E 
Total Responses: Initial test 63, Retest 50 
II: "No Response" 
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In review of the total responses to any given test letter, it 
can be seen that there exists a trend in those letters incorrectly iden-
tified. Familial letters, those with generally the same shape configura-
tion, were perceived in greater proportion than non-familial letters. 
Test letters P and R were incorrectly identified most frequently as the 
letter F. Letter D was the incorrect response most often given for the 
test letter 0. With the presentation of test letter C, 0 was the incor-
rect response most often given. Test letter H and the response A most 
frequently given. It was interesting that the letter H had the highest 
percentage of correct responses, while also having the greatest diversity 
in incorrect response letters. 
As seen in the analysis of responses at each speed, and overall 
in the summation of total responses, the ability to correctly identify 
the test letter varied with the actual test letter. Many variables could 
be responsible for creating this difference. These variables include 
differences in letter perceptibility, contrast, illumination, and the 
physical construct of the pixil arrangement of the projection system. 
From previous work done, it is known that letters differ in 
their legibility on static visual exams. One would suspect differences 
in the ease of identification these same letters would carry over to 
dynamic exam conditions. The test letters used in this experiment 
arranged from easiest to the most. difficult to perceive are as follows: 
C(0.79), 0(0.80), P(O.Sl), R(0.85), and H(0.92). The actual ranking of 
easibility of letter identification obtained in the experiment was H, C, 
R, 0, and P. This ranking order was obtained from the percentage of 
correct identification of the total presentations , with the highest per-
centage being viewed as the easiest to identify. 
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Contrast and illumination are also known to affect legibility. 
The individual test letters varied in the absolute number of pixils used 
in their formation. Letter R was composed of 13 pixils, letter H and 12 
pixils, 0 and P both contained 10, and C was made up of 9 pixils. 
Since background illumination was held constant, any increase 
in letter illumination increased the contrast. Thus, if it is assumed 
that an increase in contrast increases the letter legibility, an order 
based on contrast would be: H(94.7%), R(94.7%), P(93.0%), 0(92.8%), and 
C(90.8%). Again this varies from the experimental findings of letters 
H, C, R, 0, and P in order of easiest to most difficult. 
The last variable to consider is the complication of pixil 
letter formation with the equipment used. The pixils are arranged in 
horizontal and vertical rows. Since all the letters were composed of a 
five pixil tall - four pixil wide block, problems arose in providing con-
tinuity in curved letters. Thus letters without curves would be displayed 
as the most continuous since the actual pixil separation would be at a 
minimum. Letters whose shape is particularly composed of a curved form, 
P and R, would have a lesser pixil density at the curved portion. 
Letters composed .entirely of a curved shape would have the least amount 
of pixil density. (See Figure 31). 
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Figure 31 
Comparative Pixil Density 
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The analysis of initial test and retest sequences formed on 
the basis of the speed level at which criteria was met. The CGGS initial 
testing and retesting sequence was found to have a high positive correl-
ation of 0.704. No significant difference between initial testing and 
retesting was found when analyzed as a group. 
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Figure 32 
CGGS: Distribution of Criteria Scores 
The actual DVA outcome of the individual test with either the 
KRS br CGGS proved difficult to examine in relation to each other. Direct 
comparison of the scores was impossible when comparing the DVA measure-
ments of the two systems. Actual linear velocity was not appropriate due 
to the non-linear deceleration of the CGGS. This system uses a linear 
exposure time increase causing the slowing, whereas the KRS incorporates 
a linear deceleration with constant exposure. Since direct comparison was 
statistically meaningless, a comparison was performed by viewing the dif-
ference from the mean of each test, and comparing the Z-score values. By 
doing so for each phase of testing, several relations were shown to exist. 
- 43 -
The results for both the CGGS and KRS when compared to each other showed 
that the initial test sequence had no significant difference. There also 
existed a positive correlation of 0.419 within the individual results (of 
the CGGS and the KRS). The retest sequence of the CGGS and the KRS pro-
vided a similar statistical outcome. The individual test score results 
showed a positive correlation of 0.513, while there existed no significant 
difference in the results when compared as a group. 
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CONCLUSION 
The researchers undertook this project with the purpose of 
developing, standardizing, and analyzing a computer program that would 
quantify an individual's ability to perceive a target in motion. The 
program was designed to be relatively simple to operate and interpret 
the results, with a minimum of computer knowledge. When it is considered 
that the KRS is the current standard method of determining DVA, the 
analysis of the reliability was very encouraging, since the initial test-
retest correlation was greatest for the CGGS, rather than the KRS. The 
low correlation value found in the initial comparison of the CGGS and 
the KRS appears to have a major .problem with validity. If, however, one 
considers the various factors that differ between the two systems, the 
low correlation values may be more acceptable. 
When one considers all of the extremely complex combinations of 
eye movements need~d to perform each test, the low correlation may be 
interpreted as each test method sampling different components of the total 
DVA system. Furthermore, since the resultant scores of both systems 
showed no significant difference when analyzed as a group, it may be that 
each system is sampling a different component and its ability to predict 
the individual's actual performance in sighting, tracking, and being able 
to correctly identify an object in motion. 
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APPENDIX A 
APPLE II+ PROGRAM 
JLIST 
1 0 H H1Ei·'1: :3480 0 
100 REM >>>>M.PGM<<<<<< 
200 REM :36863 IS ADDR OF FILE F 
LAG 
300 LIB$ = "PROCLEHJ" 
400 USD$ = 1111 
500 LGO$ = 11 SPEED.LOGO,A$4000" 
600 LST:t = II ll: REt--1 LAST CHAR USE 
D 
700 RF = 99: REM SET RAND CHAR F 
LAG 
800 LT = 1: REM INIT FIXED CHAR 
900 PGM$ = 11 PROCELHJ.HVC.ANM" 
1000 BPGM$ = "BINTF,A$6000 11 
1100 SYNC$= "FSYNC,A$:300" 
1200 GOSUB 21100: GOTO 25100 
1 :30 0 F=~H-·1 
1400 REM T I M E CALCULATOR 
1500 REt'1 
1600 BTIME = .0071428: REM BINAR 
Y PROGRAt1 DELAY. 
1700 SUPTIM = .0000519:36 
1800 CCTIME = .000080:354 
1900 DMIN = .00000:31919 
2000 CLTIM = .0000009799269 
2100 TM = CCCTIME * CDIV * 2)) + 
CDMIN * (CCDL2- 1) * 256) + 
DL1)) + CBTIME * CDIV * 2)) 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
:3000 
:3100 
3200 
:3:300 
RETURI'·l : F~Et1 END T H'1I NG CA 
LCULATOR 
GOSUB 10000: RETURN : REM 
GO TEST 
REi"'1 
REM T I M I N G DISPLAY RT 
N 
REi"'1 
GO SUB 1 .::,o 0 
H0t-1E 
VTAB 21: CALL - 868 
PF.: I NT ":::;CAN T I t·1E= " ; Tf"-·1 
2 ~ PEEK ( - 16301):2 = PEEK 
( - 16300):2 = PEEK ( - 162 
97) 
·vTA9 22: CALL - 868 
p R I NT II DE LAY" = II ; ( Dr'1I i'·l * ( ( 
( DL2 - 1 ) * 256) + DL 1 ) ) 
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3400 PETURN 
3500 GOSUB 17200: PEM 
'v'EPT 
GO !NIT 
3600 GOSUB 18200: PEM GO SELECT 
RANDOt···l CHAP 
370~ GOSUB 10000: REM GO TEST V 
EPT 
3800 IF K < > (160) THEN GOTO 
::::~~oo ·· 
4000 
"4100 
4200 
4300 
3500 
PETUPN 
F.:Et-1 
. PEt'1 E R R 0 
REt1 
PRINT 
P F:OUTINE 
4400 HTAB 13 
4500 PPINT "PASSES MADE:" ;PCNT 
4600 GOSUB 1600: REM GO CALCULA 
TE TH'1E 
4700 PRINT : HTAB 9 
4800 PRINT "DELAY1=";DL1 ;" DE 
LA'{2= II ; DL2 
4'7'00 PRINT 
5000 PRINT " USED LETTERS:" ;USDS 
5200 PRINT : HTAB 7 
5300 PRINT" ....... UNDETECTED .. . 
II 
5400 PCNT = O:USD$ = "" 
5500 GOSUB 37000: PEM GO WAIT 
5600 REM BEGIN ERROR NO LOG 
570 0 HOt-1E 
571 0 '.)TAB 2 
5720 
57:30 
5800 
5900 
.:::.o 00 
A·$ = II GENERAL I NF 0 Rt·1AT I ON II 
GOSUB 28000: PEM CENTER 
VTAB 5: HTAB 7 
PRINT "ENTER A";: FLASH 
PRINT " TO SLOW THE SCAN." 
6100 VTAB 7: HTAB 7 
.:520 0 PRINT II Ef"·.JTER A II ; : I N'v'ER:3E 
: PRINT "SPACE";: NORMAL 
6300 PRINT" WHEN DETECTED."; 
6400 VTAB 9: HTAB 1 
6500 A$ = "TO SELECT A SPECIFIC L 
ETTER," 
6510 GOSUB 28000: REM CENTER 
6520 A$= "USE NUMBER KEYS 1 .. 8." 
6540 VTAB 10: GOSUB 28000: REM 
CENTER 
.:::;.:::;oo '·)TAB 12 
6700 A·$ = "FOR RANDDr-1 LETTERS EAC 
H PASS' II 
67 10 GOSUB 28000: REM CENTER 
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PRINT "S";: NORMAL 
.:::.720 i)TAB 1 :3 
6730 A$= NS ET RANDOM MODE WITH~R 
.. · f<EY. N 
6740 GOSUB 28000: REM CENTER 
6750 VTAB 19: HTAB 2 
6800 GOSUB 37000: REM WAIT OF K 
E'·( 
6900 F.:ETURN 
7000 GOSUB 7400: RETURN 
7100 HOME : RETURN 
7200 REM END OF ERROR ROUTINE 
7~:0 0 REt·-1 
7400 REM S L 0 W ROUTINE · 
7500 REt-1 
IF <AN~:·t· < > II :=;u ) THEN GOTO 
::::10 0 
7700 IF <DL1 < 254) THH·J DL1 = D 
L1 + 1 
7800 IF ( DL1 > 254) THEN DL2 = D 
L2 + 1 :DL1 = 1 
7900 POKE D1 ,DL1: POKE D2,DL2 
8000 ANS$ = 1111 : REM CLEAR STRING 
81 0 0 F~ETUF.:N : REt·-1 EXIT ::::LOI..o..l RTN 
8200 
8300 
:3400 
:3500 
REt··1 r-1 E~:SAGE 
Hot-1E 
i.)TAB 10 
PR H'JT II ENTER II • • ~ . 
II RETURN"; : NORr··1AL 
:3600 PETURN 
FLA~;H PRINT 
8700 INPUT ANS·$: F:Et--1 GET RETURN 
:3BOO RETURN 
8900 REt·1 
9000 REM H 0 P Z <TEST ENTRY) 
'?100 REt··1 
9200 GOSUB 19500: REM !NIT HOPZ 
TEST 
9:300 Dfl.,) = 70 
9400 GOSUB 20:300: REM ACTIVATE 
3HAPE~; 
9500 GOSUB 18200: REM GO SELECT 
F.:ANDC!r-1 CHAR 
9600 G03UB 10000 
9700 IF K < > (160) THEN GOTO 
·:;· 10 0 
PET URN 
REt-1 
'?BOO 
9900 
10000 F.:Et·-1 T E S T 
1 0 1 0 0 F:E!'1 
10200 HGP2 
10300 2 = PEEK ( - 16302>: REM 
FULL GRAPHIC 
10400 FQR I = 1 TO 500: IF PEEK 
( - 163B4) < 127 THEN NEXT 
I: GOTO 10600 
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10500 C$ = LST$: GOSUB 11000: GOTO 
10400 
10600 POKE 01 ,DL1: POKE D2~DL2 
10700 
1 0 ::::o 0 
1 0 '?0 0 
PRit··.JT II II 
PCt·.JT = PCNT + 1 
CALL BPGt·-1 
10910 GOSUB 1600 
11000 K = PEEK ( - 16384): IF K > 
127 THEN Z = PEEK C - 16368 
) : GOTO 11 40 0 
11100 GOSUB 7400 
11110 HOME : VTAB 10 
11200 PR I NT "PASS=" ;PCNT;" TIME= 
II ;Tf1 
11 ~:0 0 RETURN 
11400 Z = PEEK C - 16300):2 = PEE K 
( - 16303 ) :Z = PEEK ( - 162 
98) : REf-1 GET BACK TO TE><T :30 
FTL·y· 
11500 IF K = ( 209 ) THEN RETURN 
11600 IF K = C211) THEN ANS$ = " 
S": GOSUB 7400 
11700 IF CK > 175 ) AND CK < 185) 
THEN LT = K - 176:RF = LT 
11800 IF K = 210 THEN RF = 99: REM 
IF 'R' SET RANDOM C 
HAR 
11900 IF K < > 160 THEN RETURN 
12000 
12100 
12200 
12300 
12400 
HOt--1E 
lJTAB 10 
FLASH : PRINT "ENTER";: NORMAL 
11'-JPUT At·-J::;;·$ 
Hm··1E : '·JTAB 5 
12500 IF ANS$ < > C$ THEN VTAB 
7 : P~: I t·..n II EF:ROP. ! T I t··1E 
WAS:" ;TM: GOSUB 4100 
12600 VTAB 18: HTAB 10 
PF: I t··.JT " CHAPACTER DETECTED 
1 270 0 PRINT "Ei'-lTER " ; : FLASH PR I l'·lT II RETURt·-j II ; : NORt--1Al 
12800 PRINT II TO CONTINUE"; 
12900 INPUT ANS$ 
13000 HGF:2 
13100 RETURN : REM END HORIZ TE 
13200 REi''1 
13300 REM T E S T MENU 
1 340 0 REi'-1 
1350 0 HOtv1E 
13600 AS = "TEST MENU II 
13700 GOSUB 28000 
13800 A= 8 
1390 0 !.)TAB 4 
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14000 A$= "1. HORIZONTAL TEST" 
14100 GOSUB 28200 
14200 PRINT : PRINT 
14300 A$ = "2. VERTICAL TEST" 
14400 GOSUB 28200 
14500 PRINT : PRINT 
14600 A$= "3. CIRCLE TEST" 
14700 GOSUB 28200 
14800 PRINT : PRINT 
14900 A$ = "4. CONFIGURE TESTS" 
15000 GOSUB 28200 
15100 PRINT : PRINT 
15200 AS = "5. EXIT TEST MODE" 
15300 GOSUB 28200 
15400 PRINT : PRINT 
1550 0 I . )TAB 18 
15600 HTAB 10 
15700 FLASH PRINT "ENTER";: NORMAL 
15800 PRINT" SELECTION->"; 
15900 INPUT ANS$ 
16000 IF ANSS < > "1" THEN GOTO 
1 ~·200 
16100 GO SUB 9100 
1.::::.200 IF ANS·$ < > u 2u THEN GCHO 
16400 
16300 GOSUB :3500 
16400 IF ANSS < ., II ':til THEN GOTO / ....; 
16500 
16500 IF At··.J:=;·$ < > "4" THEt···l GOTO 
16700 
16600 GOSUB 28000 
16700 IF ANSS < > "5" THEN GOTO 
16900 
16800 GOTO 25100 
16900 
17000 
17100 
17200 
17300 
1?400 
17500 
GOTO 13500 
F.:Et·'1 END TEST MENU RTN 
REr1 
PEt-1 V E R T INIT POUTINE 
F.!Et-'1 
POI<E 
POKE 
XBYT~O: POKE BITX,6 
YLIN,191: REM BOTTOM 
OF PAGE 
17600 POKE LCNT,<DIV * 2): REM 
LINE SIZE 
17700 POKE HCNT~l: PEM CHAR CNT 
HI 
17800 DI'v' = 70 
17900 POKE 38146~255: PEM PLACE 
REPEAT IN PATH LIST 
180 0 0 F.:ETUPt···l 
18100 REi''1 
18200 REM R A N D 0 M CHAP GET 
1 :330 0 RE~·1 
- so -
18400 V = INT (( RND (1)) * ( LEN 
( L I 8·$.)) ) 
18500 V = V + 1: REM ADJUST VALU 
E 
18510 IF V = 5 THEN GOTO 18400 
1 860 0 LST$ = C$ 
18700 IF RF < > 99 THEN CS = MID$ 
CLI8S,LT,1>:V = LT: GOTO 189 
00 
18800 CS = MIDS CLIBS,V,1) 
18900 USDS = USDS + LSTS 
19000 Z = FRE CO> 
19100 POKE 37888,CV- 1): REM S 
ELECT CHAR 
19200 POKE 37889,255: REM MARK 
El'··lD OF LIST 
1'7':30 0 RETUF:N : REH Et··.JD RAi"-.JD CHA 
F.: 
1'?40 0 REt-1 
F.:Ei·'1 
F:Et-'1 
H 0 R I Z INIT RTN 19500 
19600 
1 '?70 0 
1'7'80 0 
19900 
POKE X8YT,O: POKE 8ITX,6 
POI<E '{LIN, 9.:::. 
20000 
POKE LCNT,DIV * 2: REM 
LINE::nz 
POKE HCNT,l: REM 
LH·lE SI Z 
HI 8Y"T 
E 
20100 RETURN : REt···1 END INIT HOR 
z 
20200 REr'1 
20300 REM S H A P E ACTIVATE 
20 40 0 REt-'1 
20500 L = PEEK COLOC) 
20600 IF L > 127 THEN POKE OLOC 
,CL - 128) 
20700 L = PEEK <PLOC) 
20800 IF L > 127 THEN POKE PLOC 
,CL- 128) 
20 90 0 F.:ETUPH : REI"-1 END ACT I 1v'ATE 
21000 REt--·1 
21 100 RH·1 l.) A R T A 8 L E z=· J. ~· 
21200 F.:Et·1 
21300 8PGI"·1 = 2457~.: REJ--·1 8It··.J PGf-'1 
21400 08JLST = 37888: F.:EM 08J LI 
::;;T 
21500 SHIDX = 37760: F.:EM SHAPE I 
NDEX 
21600 HCNT = 253: REH CHAR COUNT 
HI 
21700 LCNT = 252: REM CHAR COUNT 
LOL·J 
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21:300 D1 = 254: F:Ei"l ·$70 It··.JNER D 
ELA·y·· 
21 '?00 D2 = .-, t:' t:' • .,C._I._f • F:Ef'·1 ·$71 OUTER D 
ELAY 
22000 PLOC = ~!7~'52! REt·-1 PATH LOC 
i-111 CNS 
22100 OLOC = 3:304:3: REi"l OBJECT L 
OCATI ON::;; 
22200 YLH·l 
ON 
22300 LPTH 
T 
22400 ><FYT 
OSIT 
22500 BITX 
SIT 
22.!.00 SND = 
2270 0 SU,,I = 
AG 
= 
= 
= 
= 
3:3050 : 
3:3144: 
38048: 
:3804'7': 
1 . F.:EH . 
SND + 1 
F.:H1 y· LOCATI 
RH·1 PATH LIS 
RH1 X CHAR p 
F:Et··1 >< BIT PO 
SOUND 
: RE~1 ::;;LOt·J FL 
22800 HST = SLW + 1: REi"l HISTORY 
FLAG 
22'7'00 PTR = HST + 1 : REt-1 F'F: I t··.JTEF: 
PORT 
23000 DR1·) = PTR + 1 : RH·1 # OF DR 
I t.)ES 
23100 STA = DRt) + 1: PEt-1 ::;;TAT MO 
DE 
23200 FSPEC = STA + 1: PEM DAT F 
I LE NAt-lE 
23300 LST = FSPEC + 1: REH LAST 
ENTRY 
2~:40 0 D I t·-1 CFG$C20) . REt--1 CONFIG . 
FILE 
23500 DL1 = 1 :DL2 = 1 
23600 CFG·$( LST> = "NULL" 
23700 RH·l 
23800 REI'1 I N I T GRAPH t··1 . 
2:.::•7•00 REt1 
24000 IF PEEk: ( 3C:,:363) = 1 THEN 
GOTO 24'?00 
24100 PRINT CHR$ (4);"BLOAD";LG 
24200 GOSUB 36300: REM GO SETH 
RPG2 
24300 PRINT CHR$ C4>;"BLOAD";PG 
t·-1$ 
24400 PRINT CHR$ (4);"BLOAD";BP 
G~-1$ 
24500 PRINT CHP$ C4>;"BLOAD";SY 
t··.JC'$ 
24600 POKE 36863,1 
24700 POKE 38146,255: REM PATC 
H PATH 
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24800 IF PEEK ( - 16384) < 128 THEN Z = PEEK ( - 16368): GOTO 24800 
24900 TEXT : RETURN : REM END I 
NIT 
25000 REt'1 
25100 REM S E T U P DISPLAY 
2520 0 REI''1 
25300 H0t"'1E 
25400 RH-1 
25500 GOSUB 33100 
25600 DS = CHRS (4) 
25700 P1 = 44452:P2 = 44605:P3 = 
44567 
25800 POKE 1010~102: POKE 1011,2 
1 3: POf<E 1 0 1 2 ~ 11 2 
2590 0 HOt··1E 
26000 
26100 
2<:~200 
z-:;3·oo 
26400 
2-::.soo 
26600 
26700 
26800 
26'?00 
27000 
27100 
L$ = II 
I t··.41..)EF:SE 
PRINT L·$; u:.; L$; L$ 
FOR f = i TO :,;:u 
HTAB 1 
PRINT II II; 
HTAB 40 
t,.JTAB I 
NE:::<T I 
PRINT LS;LS;LS;LS 
NORt···JAL 
27200 VTAB 3 
2730 0 A·$ = II I t···1AGE F.:ECOGN IT I ON PPO 
GPAf'1" 
27400 GOSUB 28000 
2750 0 t,.JTAB 1 9 
27 60 o A·:t:· = II ENTEP SELECT rot·" At-·.JD R 
TN" 
27700 GOSUB 28000 
27800 GOTO 28600 
27900 END 
28000 SIZ = LEN CA$) 
28100 A = SIZ / 2 
28200 HTAB 20 - A 
28300 PF.:It-..JT A·$·; 
2840 0 F.:ETUPt···i 
2850 0 PEt-'1 
28600 PEt1 I N T P 0 1"1ENU 
28700 PH'1 
28800 A = 8 
28900 A$= "1. TEST PECOGNITION 11 
2'?00 0 t.)TAB 5 
29100 GOSUB 28200 
29200 A$ = "2. CATALOG DISK" 
2'7'30 0 t.)TAB 7 
29400 GOSUB 28200 
29500 A$ = "3. ENABLE PRINTER" 
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2'?.:£.0 0 '.)TAB '? 
2'7'700 GOSUB 28200 
29800 AS = "4. EXIT" 
29'?00 VTAB 11: GOSUB 28200 
30000 VTAB 19: HTAB 33 
30100 GOSUB 32400 
30200 INPUT "- >";ANS$ 
30300 IF ANS$ = "1" THEN GOSUB 
13500: HOME : GOTO 27100 
30400 IF ANS$ = "2" THEN GOTO 3 
1200 
30500 IF ANSS = "3" THEN HOME 
GOSUB 34200: VTAB 2: HTAB 2 
: HOME : GOTO 27100 
30600 IF ANSS = "4" THEN HOME 
END 
30700 IF ANSS < > "1" THEN : HOME 
GOTO 27100 
30800 RE~·1 
30900 REt-1 
31000 HTAB 5: INPUT "- >" ;ANS$ 
:.::1100 END 
31200 REt··1 
31300 GOSUB 32400: REM SET WIND 
0(..,1 
31 40 0 H0f'1E 
31500 CALL 1002 
:31600 CALL 1002 
31700 PRINT "CATALOG" 
31 80 0 '·)TAB 1 '7' 
31 '7'0 0 A·$ = "Ef··.JTER RETURN TO CONTI 
32000 GOSUB 28000 
:32100 VTAB 19: HTAB 33: INPUT " 
·-..n ;ANS·$ 
·' 
32200 HOf··1E 
= 
GOTO 25100 
32300 REt-·1 
:3240 0 REt--1 ::;ET I;..IIHDOI..• . .I 
32500 REt-·1 
32600 POKE :34, 1 
= 
POKE .-IC" ..:I...;' 1 9 = POI<E 
3 :3' 38: POI<E -'j ·- , ._;~, 1 
:3270 0 POKE P1 
' 
1':;1 • 
... PO!<E p·-. L..' 1 •::0 ,_,
32800 POKE p:=:' 16: REt··1 SHORTEN 
I LENAt··1 E S 
3290 0 RETURI'·l 
33000 RET-··1 
33100 REM RESTORE WINDOW 
33200 REt--1 
F 
33300 POKE 34,0: POKE 35,24: POKE 
33, 40 : POI<E 32, 0 
33400 PO KE P1 ,22: POKE P2,21 
33500 POKE P3,29: REM RESTORE F 
I LENA~'1ES 
- 54 -
:3:360 0 F.:ETUPf··-l 
:3:370 0 PEf'i 
:3:380 0 RETUPt··.J 
:3:3'7'0 0 REI'-1 
:34000 PEM P R I N T E R INIT 
:34100 REI'-1 
:34200 AS = "THIS ROUTINE ASSUMES 
A PAR 
8780 
4864 ! ~ DIM GOSUB 28000 
:3450 0 '--...'TAB 12 
16775 S = "CARD IS USED 
18516 E PRH-.JTER" 
34700 GOSUB 28000 
:34800 VTAB 19: HTAB 1 
34900 FLASH 
:35000 
:35100 
PR1NT "ENTER";: NORMAL : PRINT" SLOT OF PRINTER CARD 
INPUT ANS·$ 
:3520 0 IF AN:=;·$ = II" THEN RETUF.N 
:35300 SLOT= INT ( VAL CANS$) ) 
35400 IF <SLOT > 6) OR <SLOT < 
-·· .. II. 
·" ' 
) THEt·-.1 ()TAB 1 ::;: : HTAB 1 : I 1'-lVERSE 
" REENTER SLOT PLEASE ! ": GOTO 
PRINT "ERROR";: NORMAL 
34BOO 
:35500 HOME : VTAB 10 
35600 AS= "TURN THE PRINTER": GOSUB 2BOOO: INVERSE 
:35700 VTAB 12: HTAB 11 
:35800 PRINT "THEN";: FLASH 
"PRESS RETURN";: NORMAL 
35900 INPUT ANSS 
:36000 PR# SLOT 
36100 PR# 0 
36200 HOME : RETURN 
36300 REM SET HRjPG2,FULL 
PF:INT 
:36400 2 = PEEK C - 16304):2 = PEEK 
( - 16302):2 = PEEK ( - 162 
99) :2 = PEEK ( - 16297) 
36500 RETUPN 
36600 REM SET TEXT,PG1,LOPES 
36700 Z = PEEK ( 1·6303) :Z = PEEK 
:3 ;5:300 
36900 
37000 
37100 
37200 
C - 16300 >:2 = PEEK C - 162 
98) 
· Pt::TU~:N · · ·· 
F:Et··1 
R Et-1 (,.JA I T AND LI ST EN 
RH1 
L = PEEl< ( - 1 6384) : IF L < 
127 THEN GOTO 37200 
37300 CX = L:L = PEEK ( - 16368) 
:37400 RETUPN 
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PR I t··.JT 
APPENDIX B 
COMPUTER OPERATION: FOR A NON-RANDOM TEST SEQUENCE 
A. Start-up procedure: Done prior to subject viewing. 
1. Load disc into drive unit 
2. Turn power on 
3. Computer will display logo "Speed Vision" 
4. Space bar 
5. Computer displays menu of operations 
6. Enter 1, return 
7. Computer displays menu of test operations 
8. Enter 1, return 
9. Screen will clear. Following a short time delay, a single 
letter will appear on the screen and track across it rapidly. 
When it disappears after tracking enter 1 
10. Computer displays time and delay information. Space bar 
11. Computer displays "Enter character detected". Return 
12. Computer displays ''Error message". Return 
13. Computer displays "General Information" 
At this point the subject is given the instructions for the 
upcoming procedure. This procedure will initiate the computer at the 
fastest speed and will cause the test letter displayed to be a P. 
B. Test Sequence: 
1. Return. This will cause the screen to go blank, and following 
a short time delay a single letter will cross. This is the 
demonstration letter. The test letter will follow within a 
few seconds. 
2. Following the test letter presentation, enter 2. (This tells 
the computer that the next letter to be presented is an R). 
3. Pass time is displayed. Space bar 
4. Enter letter identified. Return 
5. (a) If correct, the computer will display "To continue return" 
5. (b) If incorrect, the computer will display the error message. 
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C. Retesting next letter at the same speed: 
1. Following a correct identification, enter return 
2. Following an incorrect identification, enter return. This 
will be followed by an explanation of how to set the manual 
of random letter selection and speed values 
Both 1 and 2 will cause the screen to clear and a demonstration letter to 
travel across (it should be the letter P), followed by the test letter R. 
After the test letter has cleared the screen, enter 3. This will inform 
the computer that the next letter to be used is an 0. 
D. To test at next. slower speed: 
1. Following a correct response, enter return, space bar, return, 
return. This will display the message of how speed is to be 
slowed. Enter S, return. 
2. Following an incorrect response from the error message, enter 
return to display ·the message of how speed is to be slowed. 
Enter S, return. 
Following the entering of return, either 1 or 2 will clear the screen. 
This will present a demonstration letter (R), followed by the test letter 
(0). After this is cleared, enter 4, spacebar. This sets the next test 
letter to be C. 
Follow instructions in set C, except following the display of 
the test letter, enter 7, which tells the computer to display the letter H. 
E. Continuation of Criteria: 
Follow the sequence of two test letters at each speed. Criteria 
of acceptance is correctly identifying two letters at the same speed level. 
The sequence for letter assignment is as follows: 
l=P, 2=R, 3=0, 4=C, S=E, 6=1, and 7=H 
Following the display of a given test number in the series will cause the 
corresponding letter to be used as the next test letter. Keys 5 and 6 have 
been assigned to letters E and L respectively. However, the computer does 
not recognize the correct response as valid and sends up the error message. 
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F. Once the criteria has been met: 
1. Reset 
2. Enter 1, return 
3. Enter 1, return 
4. Allow first letter to pass 
5. Enter 1 
6. Spacebar 
7. Return 
8. Return 
9. Go to section B 
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COMPUTER OPERATION FOR RANDOM LETTER TEST SEQUENCE 
A. Follow start-up procedure as in non-random sequence up to, and 
including step No.8. 
B. Following the determined test letter, space bar, return. Enter 
letter identified. 
1. If incorrect, return to general information display, then 
return to test at the same speed. 
2. If correct, return for test at the same speed. 
C. To slow the passage of letter: 
1. If incorrect, return, enter S for slow, and return. 
2. If correct, return, spacebar, return, return, enter S for 
slow, and return. 
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APPENDIX C 
INSTRUCTIONS: COMPUTER GENERATED GRAPHICS SYSTEM 
Please be seated. 
We are going to be testing your dynamic visual acuity, which 
is your ability to identify details while in motion. This will be done 
by having a single letter appear on the screen, and move across it rapidly. 
The letter will be slightly smaller than the letters currently on the 
screen. The letter will initially appear on the left center of the 
screen and move to the right center of the screen. The presentation of 
the letter will be preceded by a beep. When you hear the beep, look to 
the left center of the screen and try to follow the letter across the 
screen using only your eyes. Hold your head as still as possible. 
Do you have any questions? 
The first letter will be a demonstration letter to familiarize 
you with the le t .ter size and speed. This will be followed by a beep and 
the test letter. Following each .teA.t letter presentation, you will be 
asked to identify the letter you observed. 
Are you ready? 
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APPENDIX D 
INSTRUCTIONS: KEYSTONE ROTATIONAL SYSTEM 
Please be seated. 
We are going to be testing your dynamic visual acuity, which 
is your ability to identify details while they are in motion. This 
will be done by having a single letter moving in a circular motion. 
The initial motion of the letter may be too rapid for you to identify it. 
We will then slow the speed of the rotating letter in a constant deceler-
ation until you can identify the letter. If your identification of the 
letter is incorrect, I will say "incorrect" and continue the deceleration 
until you correctly identify the letter. Upon correct identification, I 
will say "correct" and stop the test. This will be repeated for a second 
letter. 
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APPENDIX E 
TEST PARAMETERS 
Test distance: 
Letter size: 
Acuity demand: 
Horizontal travel 
distance: 
Angular 
excursion: 
Test distance: 
Letter size: 
Acuity demand: 
Travel 
C.G.G.S. 
450 em (subject to screen) 
14 rmn 
20/40 Snellen (actual calculated: 20/40.8) 
81 em 
K.R.S. 
282.0 em (subject to screen) 
8.5 em 
20/40 Snellen (actual calculated: 20/41.4) 
circumference: 166.57 em 
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APPENDIX F 
COMPUTER LEVELS VS. EXPOSURE TIME AND VELOCITY 
Speed level: Exposure time Degrees per (seconds) second 
Initial 0.120 85.66 
2nd 0.273 37.65 
3rd 0.4525 22.71 
4th 0.6366 16.14 
5th 0.820 12.53 
6th 0.990 10.38 
7th 1.164 8.83 
8th 1.338 7.68 
9th 1.512 6.79 
lOth 1.686 6.09 
11th 1.86 5.52 
12th 2.034 5.05 
13th 2.208 4.655 
14th 2.382 4.31 
15th 2.456 4.18 
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APPENDIX G 
CORRECT IDENTIFICATION LEVEL 
Initial Test Retest 
KRS (rpm) CGGS KRS (rpm) CGGS 
Subject Speed Speed 
c L Level c L Level 
1 25 37 4 42 45 1 
2 42 48 4 46 48 1 
3 44 44 4 48 50 1 
4 44 44 3 46 48 1 
5 30 31 5 48 50 2 
6 25 36 4 50 48 2 
7 46 48 2 58 46 3 
8 47 42 7 43 42 4 
9 38 42 5 56 62 4 
10 48 46 5 46 43 4 
11 42 40 5 40 44 4 
12 42 48 4 54 52 4 
13 30 40 4 40 42 4 
14 42 38 10 42 46 5 
15 30 30 8 46 48 5 
16 58 54 5 50 62 5 
17 30 27 5 42 40 5 
18 28 36 10 42 42 10 
19 33 32 10 50 50 6 
20 31 26 9 38 40 6 
21 40 42 8 50 46 6 
22 42 56 5 60 63 6 
23 16 36 4 33 42 7 
24 44 48 8 38 32 11 
25 22 32 4 32 44 12 
26 25 45 13 50 52 9 
27 25 18 15 26 26 13 
28 24 33 13 38 40 13 
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